FABRICATION OF LARGE-AREA CCD DETECTORS 
FA ON HIGH PURITY, FLOAT-ZONE SILICON* 


J.A. Gregory, B.E. Burke, M.J. Cooper, 
R.W. Mountain, and B.B. Kosicki 


Lincoln Laboratory 
Massachusetts Institute of Technology 
Lexington, Massachusetts 02173-9108 


/':J /' /y/ 




♦This work was sponsored, in part, by the 
Administration. 

"Opinions, interpretations, conclusions, and 
endorsed by the United States Air orce. 


Department of the Air Force and the National Aeronautics and Space 
recommendations are those of the author and are not necessarily 



256967*1 




INTRODUCTION 



(/) 

oc 

111 

O 

< 


CO 

Q. 

< 

OC 



I- 

z 

UJ 



co a 

Q Q. cn 
□ Hr 

O 0)Z 
-r ll 
— O H 

-j 2 S 
o S g 

U O Q 


o 

o . 






CONCLUSIONS 


AXAF REQUIREMENTS OF CCD IMAGER 
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This figure depicts the CCD focal-plane assembly for ACIS (AXAF CCD Imaging 
Spectrometer) A 2x2-chip array Is to be used for spectroscopic imaging while 
the 1x6 array will detect x-rays from a dispersive spectrometer. Both arrays 
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This dark current image of a device shows the enhanced generation 
current due to dislocations. This image illustrates the propagation of 
slip dislocations across the wafer <110> directions. 

The dislocations also cause the charge transfer inefficiency to rise 







This Is a photo of a portion of a device after the polyslllcon gates, SIO2, and 
SI3N4 layers have been removed down to the silicon substrate. The horizontal 
lines correspond to the LOCOS channel stops. The device was then etched 
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MEASURING PROPERTIES OF TRAP LEVELS IN CCD 
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PAUSE WHILE TRAPS 
EMPTY 



This viewgraph indicates the technique used to locate the position of 
traps in the CCD by multi-reversal clocking. The presence of traps 
transfers charge between charge wells. This transfer can be 
monitored and analyzed to derive the fundamental properties of the 
traps. 




MEASUREMENT OF DISLOCATION 
TRAP PARAMETERS 
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The figure on the left of the viewgraph indicates the number of 
electrons that are transferred between potential wells during multi- 
reversal clocking at various temperatures. The figure on the right 
plots charge surplus data as a function of temperature to obtain the 
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DUCTION OF GLISSILE DISLOCATIONS DURING 
FABRICATION OF AXAF CCD IMAGERS 
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FORCES IMPOSED BY INTRINSIC STRESSES IN OVERLYING MATERIALS 




This viewgraph indicates why float-zone Si is susceptible to plastic 
deformation and lists some of the specific sources of stress induced 
during integrated circuit processing. 




LOADING OF DEVICE WAFERS 
IN PROCESS FURNACE 






This drawing depicts the quartz wafer boat used for high-temperature 
processing of the device whose dark current image is shown above. 
The wafers are supported by grooves in four quartz rods that form the 
wafer boat. During furnace insertion and removal the silicon wafers 
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HEAT FLOW AND TEMPERATURE PROFILE OF 

WAFER DURING COOLING 



CONDUCTION 




This figure indicates how heat flow from a wafer to the furnace walls 
is limited by radiation from the edge of the wafer. This dependence 
leads to a radial gradient in temperature and, in turn, to a hoop stress 
in the wafer. 



STRESS INDUCED BY OVERLYING FILMS 
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This viewgraph lists measures which can be taken to eliminate the 
incidence of plastic deformation during wafer processing. These 
procedures reduce the strength of any forces arising due to 
temperature differentials or to intrinsic stresses in the materials on 
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This dark current image of a device shows that no pixels have 
enhanced electron generation due to dislocations, indicating our 
processing changes have been successful. The bright spots are due 
to cosmic rays. 



DARK CURRENT DISTRIBUTION 

(NON-INVERTED MODE, -20 °C) 




The changes in dark current level are apparent in this figure, where, 
on the left, the dark current histogram for the imaging array of a 
device containing dislocations is displayed. A dislocation free device 
is shown on the right hand side of the figure; this histogram is much 
narrower than the dislocated device and the distribution is not 



CHARGE-TRANSFER EFFICIENCY 
(Mn Ka X RAYS) 
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The CTI of dislocated and dislocation free devices are shown in this 
viewgraph, where it is apparent that the CTI of the dislocated device is quite 
poor compared to the device processed more conservatively. The CTI of 

dislocation free devices are consistently 3x10-6 or lower, from wafer to 
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ENERGY RESOLUTION: WITH DISLOCATIONS 

DISLOCATION FREE 
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These two figures show a comparison of histograms for devices with and 
without glissile dislocations. Both devices were illuminated with x rays from 
Fe55, and the energy resolution for the Mn Ka line is 160 eV with and 130 eV 




SUMMARY 
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